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transmitting and bbservi ing stations—following p. 107 


INTROBUC FORY ¢NOTE 


\ BRIEF outline of the scheme of the investigation of the 
variations of bearings of radio transmitting stations was 
given in the Introductory Note to Part I of this Report.* 

Part II here presented deals with the progress of the investigation 
from March, 1922, to June, 1923, when observations on the longer 
waves of 2,000 to 9,000 metres were discontinued at all the 
University and Service stations forming the original organisation. 
In July, 1923, the opportunity occurred for carrying out some 
further observations at a station in higher latitudes than in 
England, viz., at Lerwick, Shetland Islands. These observations 
were continued until April, 1924, and the discussion of the results 
obtained is included in this Part of the Report. 

The discussion of the remaining observations carried out on 
the shorter wave-lengths down to those of 450 metres from 1922-24 
will follow in the publication of Part III of the Report. 

In referring to the results contained in the present publication 
it is desirable again to emphasise the difference in effects which 
have been observed in working overland and oversea. On the 
longer waves the situation of the transmitting and observing 
stations was such that all the paths of transmission less than 
200 miles in length were entirely overland, and this fact un- 
doubtedly accounts for the abnormally large variations which 
have been recorded at night for ranges of from 100 miles down 
to 30 miles. For distances of less than 30 miles, the majority 
of the direction-finder readings are found to be accurate to within 
2° (see Table 17 and p. 78). When the path between the trans- 
mitting and observing stations is entirely oversea, and free from 
any land or coastline effects, the errors in observed bearings are 
found to he within the above 2° limits for all ranges up to nearly 
100 miles. This accuracy is generally sufficient for most naviga- 
tional purposes; also, for oversea working a 100 miles range is 
adequate for the ordinary application of radio direction-finding 
to marine navigation. 


Pebe > MABEL, 
_ Chairman of the Committee on 


Directional Wireless: 
August, 1925. 


* Issued as Special Report No. 2 of the Radio Research Board. 
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VARIATIONS OF APPARENT BEARINGS 
OF RADIO TRANSMITTING STATIONS 


PART II—OBSERVATIONS ON FIXED STATIONS 
MARCH, 1922-APRIL, 1924 


SECTION I.—INTRODUCTORY AND STATEMENT OF 
RESULTS OBTAINED TO MARCH, 1923 


| (1) Continuation of Investigation 
need I of the report on this investigation dealt with the observa- 
tions obtained up to the beginning of March, 1922. Prior to 
that date the observations were restricted to transmissions on 
damped waves and such undamped waves as could be taken on 
the “spark”’ receiver without heterodyne. At the commence- 
ment of the second year of observations the direction-finding 
stations were equipped for undamped wave reception by means 
ot screened oscillators. The necessity for the employment of a 
screened oscillator and the details of its design have already 
been given in a previous publication. (!)* 
The daily observations were continued in the same manner as 
previously over the period 6th March, 1922, to 31st March, 1923, 
with the following observation periods :— 


Morning Evening 

Period. Period. 
Ist week ‘e .. 0800 to 0930 1630 to 1800 
2nd week Wy: .. 0900 to 1030 1800 to 1930 
3rd week 1 -© .1000 to 1130 1900 to 2030 
Ath week 1 i 1100 to’ 1230 2000 to 2200 


Towards the end of January, 1923, a series of 24-hour tests 
was commenced in which three observing stations participated, 
and these tests were continued after the cessation of the daily 
observations until 30th June, 1923. 

From the 30th July, 1923, to 19th April, 1924, observations 
were also carried out at a station at Lerwick, Shetland Islands, 
to study conditions in Northern Latitudes. 

Apart from this, the only change made in the location of the 
stations was the opening of the Birmingham University station in 
place of the Leeds station, and an amended list of the stations 
and personnel is given on the opposite page. 


* These numbers refer to the Bibliography on p. 107. 


2 VARIATIONS OF APPARENT BEARINGS 


(2) Statement of Results obtained 


During this second year of the daily observations the number 
of results collected for reduction, after a critical examination in 
which all doubtful* readings were neglected, was over 104,000. 
The distribution of these results among the different stations 1s 
as follows :— 

Total number of 
observations collected 
between 6th March, 


Station. . 1922, and 31st March, 

1923. 
Aberdeen»... VF rh. Ns 8,012 
Bangores es 2 os v ne S20 235 
Belfast ms ny a x sie 2 OO? 
Birmingham i me bas .. 16,658 
Bristol af Ad &. nh, gol 2s 

Cambridge .. "3 4 in ;. 12,900 
Newcastle .. oe i os .. 19,408 
Peterborough ie i be .. 6,479 
Slough Hy Hy wi a .. Lita 
Teddington as A ne .. LO,24q 
104,610 


The abnormally low number of readings obtained at a few of 
the stations is accounted for by the fact that these were not in 
operation during the whole year. . 

A summary of all these results in the same form as adopted 
in Part I of the report is set'out in Tables 1 to 10) “With* the 
conversion of the stations to continuous wave working, a large 
number of new transmitting stations were brought within the 
range of the direction-finder sets, and the distribution of these 
with the station previously observed is given on the gnomonic 
chart at the end of this report (Fig. 31). 

For the purpose of tabulating and discussing the results, the 
arbitrary division of the times of observation into day and night 
periods has been adopted in the same manner as in Part I of the 
Report. The normal “night ”’ period is assumed to extend from 
one hour before sunset at the easterly end to one hour after . 
sunrise at the westerly end of the path of transmission. 


“ The principal reasons for rejection of readings were uncertainty in 
the identification of the transmitting station by the observers and the 
occasional heavy interference, which considerably reduced the reliability of 
some observations. | 
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SECTION II.—DISCUSSION OF RESULTS—DAY OBSER- 
VATIONS oi 


(3) Permanent Deviations 


. The foregoing tables show that in many cases the mean 
observed bearing of a transmitting station in the day periods is 
seriously in error. These errors were discussed in detail for each 
observing station in Part I* and the conclusions there drawn 
are confirmed by these later results. The most prominent 
new fact brought to light is that this permanent deviation is 
unaltered by a change in the type of transmission from damped 
to undamped waves. There are many illustrations of this fact 
among the results, although in searching for examples care must 
be taken to see that the effect has not been masked by a large 
_ change in wave-length accompanying the change from damped 
to undamped waves. As previously noted, the most prominent 
example of a change in permanent deviation accompanying a 
change in wave-length occurs at Bangor, where the direction- 
finder was situated in very mountainous country. ) 


(4) Variable errors. (Magnitude of errors observed) 


In the previous Part of this report it was observed that in 
general the day variations of apparent bearing are confined to 
an extreme of 7°, corresponding to a departure from the mean 
of 3° to 4°. Of the results being discussed in the present Part of 
the report, those observations taken in the daytime which show a 
greater variation than 7° are summarised in Table 11. It will be 
noticed that. in some cases the variations are very seriously in 
excess of the above limit, ranging up to 29° and also that the 
variations often occur at several receiving stations on the same 
transmitter. ‘This shows that the effect is real and not connected 
with observers’ errors, etc. 

The notes made in the remarks column show that in nearly 
one-third of the cases an explanation can be found by extending 
the ‘“night’’ periodt to cover about two hours after sunrise. 
This effect is particularly noticeable in the case of those observa- 
tions taken soon after 0800 during the winter months. 

In many other cases large variations are shown to have occurred 
at periods which were from three to five hours after sunrise, and 
all such cases are concentrated in the winter months from October 
to March. Probably the most prominent example of these is 
that of the observations on Leafield’s noon transmissions, when 
during the same periods extreme variations of 28-6°, 7-4° and 
22-7° were recorded at Bangor, Bristol and Peterborough respec- 
tively. The increase in the extent of the variation was very 
sudden at all stations ; for example, by omitting the three periods 


* See Bibliography (p. 107)—ref. 2, p. 42. 
{ For definition of ‘‘ night” period see p. 2. 
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in December, January and February, the extreme variation at 
Bangor is reduced to 5-8° for the remainder of the year. During 
the above three months the period of observation was at least 
four hours after sunrise. Further discussion of this. particular 
‘case will be given in considering the graphs of weekly and daily 
readings. 

In general, therefore, these results confirm the conclusions 
reached in Part I* of this report that the day variations of apparent 
bearings can occasionally exceed the average limit of 7°; and 
the present results indicate that this excess is due to the change 
from night to day conditions being seriously delayed during the 
winter months. Under the worst conditions serious variations 
are experienced at as much as five hours after sunrise in the 
winter, but no corresponding effects are observed in the summer 
months. (See also Section XIV, p. 87). 


TABLE 11.—Showing Details of the “ Day”’ Variations exceeding T° 


(1) (2) (3) (4) 
| 
Transmitting Receiving Extreme Pees 
Station. Station. Variation. f 
(degrees). 
Aberdeen, C.W.| Bristol Sy 8°5 Largest variation within one 
hour after sunrise, 31.3.23. 
i, - Newcastle .. 17°5 Within one hour of sunrise. 
Air Ministry, | Bangor au 18-7 Largest variations within one 
CW hour after sunrise, 18.11.22. 
i e Birmingham .. 13-0 Ditto. 
A re | Srastol Li 17S Ditto, 18.11.22 to 10.3.23. 
a wi Newcastle  \;, 10:3 Ditto. 
Aranjuez, C.W. | Bangor ae 12:6 Variations distributed during 
winter months, but largest 
w.e. 10.2.23 within one 
| hour after sunrise. 
eeene 2. W.°.'. Re a 15:3 Variations largest within 14 
hours of sunrise, w.e. 
18.11.22 and 19.12.22. 


* See Bibliography (p. 107)—ref. 2, p. 46. 
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TABLE 11.—Showing Details of the ‘ Day”’ Variations exceeding T° 


—(continued). 
(1) (2) (3) (4) 
Transmitting Receiving Extreme Remarks, 

Station. Station. Variation. 
(degrees) 

Cleethorpes, Bangor as 20-6 Variations largest about 14 

C.W. hours after sunrise, w.e. 

10.3.22. 


10-4 Ditto, w.e. 23.12.22. 


Newcastle... 12:0 1-2 hours after sunrise, 
10.2.23 and" 10.323. 


8-5 Errors distributed. 


Coltano) S.; Wa ubangor 7. 8-6 Weekly mean bearing 
changed 5° during year. 
Devizes, C. W. | Bristol Re 93.0) Largest variation; 2-3 hours 
after sunrise, 13.3.23. 
Horsea, C.W. ..| Bangor shy 13-3 Variations largest 1-2 hours 
after sunrise, w.e. 23.12.22 
and 10.2.23. 
i, i .| Bristol ay 9-0 Largest variations within 14 
hours of sunrise 20.1.23 
and 10.2.23. 
a S .| Newcastle .. 13:6 Largest variations within 2 
hours of sunrise 10.2.23 
and 17.2.23. 
Karlsborg, Aberdeen 8-6 Several hours after sunrise. 
5.4°2 . 

pre. WV. 3-97) bansor ge) 10:8 Two hours after sunrise, 
Woe. 20.1 2Ae 

WY Ame HR ae 29-1 Two hours after sunrise, 
wie 20M 23: 

» C.W. 3-9 | Birmingham .. 9-3 Day-to-day variations, w.e. 
9.12.22, several hours after 
sunrise. 

plW ) 4°24 “Bristol a 20-0 Largest variation nearly 24 


hours after sunrise, 20.1.23. 


,, C.W. 3°9 | Newcastle © ..) 710-5 Errors distributed. 
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TABLE 11.—Showing Details of the “Day” Variations exceeding T° 


—(continued). 
| 
(1) (2) (3) (4) 
Transmitting Receiving Extreme Renee 
Station. Station. Variation. rae 
(degrees) 
Konigswuster- | Bangor O° 2 Within 2 hours, 23.12.22 and 
. hausen, C.W. 13.1.23. 
. us Birmingham 7:4 Distributed variations, Jan. 
to March, 1923. 
2 x Bristol 8-2 Variations distributed during 
year. 
2 re Newcastle 8:3 Ditto. 
Leafield, C.W. | Bangor 28-6 Worst variations 4 hours 
after sunrise, w.e. 9.12.22, 
62123 andes 225n 
x he, Bristol Ta Largest variations during 
w.e. 9.12.22, 4 hours after 
sunrise variation is day to- 
day one. 
- - Peterborough VANE OG: Ditto. 
nA oe Teddington 9-0 Errors*allsin, week, PRE 22. 
5 hours after sunrise. 
Lyngby .| Bangor Teh Change of weekly mean bear- 
ings. 
Nauen, C.W.4:7 He 24-9 Worst variations w.e. 
TSP ieee L6ih 22) and 
28222" t6e:, 41-2, hours 
after sunrise. 
aes: e 11-8 Ditto. Largest variations 
within 2 hours of sunrise on 
23.12.22 and 10.2.23. 
, 4:7| Birmingham 14°5 Largest variation, 18.11.22 
and 16.12.22. 
iy » 4°7| Bristol 16:4 
” », 4:°7| Newcastle 87-0 Largest variations 1-3 hours 
after sunrise, 18.11.22 and 
eA Be eA 
* ,, 4°7| Peterborough 17-0 Ditto. 
Northolt .| Bangor 14:9 Greatest variations obtained 


3 hours aftersunrise, 9.12.22. 


ou 
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TABLE 11.—Showing Detatls of the ‘‘ Day”’ Variations exceeding T° 


—(continued). 
(1) (2) (3) (4) 
Transmitting Receiving Extreme Remains 
Station. Station. Variation. i 
(degrees) 
Ongar, C.W. 2-9} Bangor .. 20-8 Worst variations 1-3 hours 
after sunrise from 18.11.22 
tod 7223: 
”» ” 3°8 ”” 24:°8 Ditto. 
ih 5», 4:4 i 21-4 Ditto, to 10.3.23. 
uf ,, 2°9| Birmingham 10°8 Ditto. 
5 i ows x 11-0 Ditto. 
” ”? 4-4 ” 11-9 Ditto. 
ty 5) ee'D) Bristol 13-8 Largest within 2 hours of 
sunrise, 17.2.23. 
a meh aes 2 15°5 Variations 3 hours after sun- 
rise 6.1.23, also within 1 
hour at 16.12.22. 
i een: Sc | if: 9-3 Variations distributed from 
28.10:22:to 10,3: 23% 
7 »  2°9| Newcastle 11-0 Ditto. 
” ” 3°8 ” 7°5 Ditto. 
» ” 4-4 ” 9:5 Ditto. 
‘ik ,» 4:4) Peterborough 9-0 Ditto. 
Paris, C.W. 7-6] Bangor 14-2 Largest variations 18.11.22 
and) 16.12. 22% 
a ,, 2°4}| Bristol eo Largest variations within 2 
hours of sunrise, 10.2.23 
and 10.3.23. 
Rome, C.W. ..| Bangor 9°3 Weekly mean varies 4° ; and 
largest variations w.e. 
Orrzi22) 
Stonehaven, ‘i 17:0 Variations greatest from w.e. 
C.W. 18.11.22 to 10:20 233 
Bristol 8-4 Largest variations 3 hours 


after sunrise w.e. 3.2.28. 


DISCUSSION OF RESULTS : DAY OBSERVATIONS 33 


TABLE 11.—Showing Detatls of the “‘ Day’ Variations OS ig im 


yee 
(1) (2) (3) (4) 
Transmitting Receiving Extreme R k 
Station. Station. Variation. ash a cat 
(degrees) 

Stonehaven, Peterborough 14-3 Largest variations 2—3 hours 
C.W. after sunrise w.e. 2.12.23 

and 9.12.23: 
Tours, C.W. ..| Bangor ot 14-5 Greatest variations within 1 
hour of sunrise, w.e. 

13.1.23. 

Whitehall, C.W.| Bristol se 1337 Largest variations about 14 
hours after sunrise 18.11.22 

and 10.2.23. 


(5) Weekly Variation Curves 


For some of the transmitting stations having definite times of 
daily transmissions, graphic representations of the extreme 
bearings observed at different receiving stations over periods of 
one week are shown in Figs. 1-8. These diagrams confirm the 
conclusions enumerated in the corresponding section of Part I 
of the report.* 

Whereas in general the extreme values of a week’s readings 
differ by from 1° to 2°, there are at intervals larger variations 
ranging up to about 6°. In Figs. 5 and 6 also some abnormally 
large variations up to nearly 20° are shown for the two trans- 
mitting stations, Air Ministry and Leafield respectively. These 
have already been referred to in Table 11 and in the discussion 
thereon in the previous section. It is noteworthy that there is” 
a marked increase in the extent of the variations during the 
months November to February. In the case of the Air Ministry 
station the time of transmission was closely related to sunrise, 
whereas Leafield’s transmissions took place several hours after 
sunrise. Although the variations recorded at Bangor are not so 
excessive as during the previous year, the observations taken at 
these stations are still of a more erratic nature than those taken 
elsewhere. It is to be seen from Fig. 4 also that the bearing of 
Nauen at Bangor still remained at the low value to which 3t 
dropped in the previous October. t 


* See Bibliography (p. 107)—ref. 2, p. 48. 
ditto ditto —ref. 2, fig. 6 (p. 51). 
&: 9 (Pp 
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Fic, 2.—Graphs of Weekly Extreme Bearings of Nantes (Damped Waves, 


A =4-2 k.m.), at the 0810 Transmissions. 
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Fic. 3.—Graphs of Weekly Extreme Bearings of Paris (Damped Waves, 
A = 2:6 k.m.), at the 1130 Transmissions, 
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Fic. 4.--Graphs of Weekly Extreme Bearings of Nauen (Damped Waves, 
A = 3-2 k.m.), at the 1150 Transmissions. 
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Fic. 5.—Graphs of Weekly Extreme Bearings of Air Ministry (Undamped 
Waves, A = 4-1 k.m.), at 0800 to 0930 Transmissions. 
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Fic. 6,—Graphs of Weekly Extreme Bearings of Leafield (Undamped 
Waves, A = 8:7 k.m.), at the 1200 Transmissions. 
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Fic. 7.—Graphs of Weekly Extreme Bearings of Ongar (Undamped 
Waves, \ = 2:9 k.m.), at 1100 to 1230 Transmissions. 
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Fic. 8.—Graphs of Weekly Extreme Bearings of Ongar (Undamped 
Waves, A = 4:4 k.m.), at 1100 to 1230 Transmissions. 
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Omitting the excessive variations noted during the winter 
months on the Air Ministry and Leafield stations, it will be seen 
from Figs. 5 and 6 that these two stations using undamped waves 
give variations of the same order as those of Paris, Nantes and 
Nauen using damped waves. (Figs. 1-4). Figs. 7 and 8 represent 
the extreme bearings for two of the Ongar transmitting stations 
observed during the same periods as those for Leafield in Fig. 6. 
The increase in the variations observed during the winter months 
is seen to be similar to that of Leafield, although to a less degree 
It is interesting to observe that in the Ongar transmissions there 
is no obvious difference in the extent of the variations observed 
on the two wave-lengths. 


(6) Daily Variation Curves 


Figs. 9-12 show a graphic representation of the extreme 
bearings obtained from day to day for several transmitting and 
receiving stations. Figs. 9 and 11 well illustrate what appears 
to be the characteristic of the comparatively small day variations, 
viz., that these changes of 1° or 2° take place from day to day, 
and that over the space of half an hour’s observation the variation 
is usually limited to a few tenths of a degree. As remarked in 
Part I of the report* there is no obvious similarity between the 
changes occurring at different receiving stations. It is to be 
noticed, however, that in practically every case the day-to-day 
variations are more marked during the winter than during the 
summer months. In Figs. 11 and 12 (plotted to five times the 
scale) many of the changes are seen to be of the same nature as 
the above, although often of a greater magnitude (10°-15°). In 
addition to these variations, however, it will be noticed that 
there are cases in which an appreciable variation takes place 
during the periods of observations. ‘This occurrence is character- 
istic of the more general variations experienced at night, and 
whereas in the case of the Air Ministry’s transmissions (Fig. 11) 
the observations plotted were all made within one hour of sunrise, 
in the case of Leafield (Fig. 12) sunrise occurred some four hours 
previously, this illustrating the persistence of night effect during 
the winter months as discussed in (4) above. 


* See Bibliography (p. 107)—ref. 2, p. 56. 
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Fic, 94.—Graphs of Daily Extreme Bearings of Paris (Damped Waves, 
A = 2-6 k.m.), at the 0920 Transmissions. 
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Fic. 98.—Graphs of Daily Extreme Bearings of Paris (Damped Waves, 
A = 2-6 k.m.), at the 0920 Transmissions. 
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Fic. 10.—Graphs of Daily Extreme Bearings of Nauen (Damped Waves, 
AX = 3:2 k.m.), at the 1150 Transmissions. 
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Fic. 11.—Graphs of Daily Extreme Bearings of Air Ministry (Undamped 
Waves, \ = 4-1 k.m.), at 0800 to 0930 Transmissions. 
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Fic. 12.—Graphs of Daily Extreme Bearings of Leafield (Undamped 
Waves, A = 8-7 k.m.), at the 1200 Transmissions. 
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SECTION III.—DISCUSSION OF RESULTS—NIGHT OBSER- 
VATIONS 


(7) Systematic error of the mean bearings at night 


The summary of the observations taken in the evening periods, 
as recorded in Tables 1 to 10, shows that there is practically no 
systematic error of the night variations. In the large majority 
of cases the difference between the day and night means is less 
than 2°, although in other cases it is nearly 5°. Where observa- 
tions have been taken on two or more wave-lengths from one 
transmitting station it is usual for the systematic night error to 
be different for the two wave-lengths. Among the increased 
numbers of results now under discussion, there does not appear 
to be any confirmation of the relation observed in Part I of the 
report* between the true bearing of the station and the systematic 
error. Even for the two stations, Karlsborg and Poldhu, discussed 
last year from this point of view, the relation is not upheld. It 
is to be concluded, therefore, that in comparison with the large 
variations always experienced at night the systematic errors | 
obtained are negligible, and that on the average the night errors 
are equally distributed on either side of the true bearings. 


(8) Magmitude of mght variations 


Table No. 12 gives details of the two largest variations recorded 
at each receiving station over the period of observation under 
review for both damped and undamped wave working. The 
proportion of the readings which differ from the mean by more 
than 10° is also given in columns 5 and 7 of the table. 

As was noticed last year,} Karlsborg and Moscow are still the 
most prominent spark transmitting stations giving rise to large 
variations at most of the observing stations; while among the 
C.W. stations brought under observation during this year Nauen 
most frequently gives the largest variation at any one receiver. 

It is interesting to observe that the two largest variations 
recorded in the table—viz., Leafield to Peterborough and 
Nauen to Teddington—are over the very widely different ranges 
of transmission of 77 and 575 miles respectively. This adequately 
confirms the preliminary conclusion reached last year, that exces- 
Sive variations are as likely to occur over short distances of the 
order of 100 miles chiefly overland as over longer distances of 
from 500 to 1,500 miles, of which an appreciable proportion is 
oversea in some instances. 


* See Bibliography (p. 107)—ref. 2, p. 63. 
T ditto ditto —ref. 2, p. 64. 
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TABLE 12—Showing the Two Largest Variations Recorded at each 
Observing Station for both Damped and Undamped Waves 


(1 (2) 9) 19 48 | © | © | @ 
———_._________-- ; 
Eospark) | Ce 
Bl| ae i | eave 
= a hed iS Ft D8 i 
Rs z= fe = 3 iH S = | 
Observing Transmitting | Wave = dan zs ee 
Station. Station. Length. S ee i: S 2 aS | 
gob Mae) 2 hee : 
@ 8 = 5 © 3 E 6 : 
5 Sag ae SHE 
leas ose G daa oh 
a a eal Ay 
(km.) (deg.) (deg.) 
Aberdeen*  ..| IXarlsborg 2-3 32°3 sR —- — 
Karlsborg 4-2 7°5 0:0 — — 
Ixarlsborg 3°9 — — 34°3 2:5 
Nauen 4-7 ~~ — 7-0 0-0 
Bangor ..| Coltano 4-2 44-8 11-4 oe — 
Karlsborg 2°5 34-4 Uys oo ar 
Leafield 8:8 wen — 65-7 10-5 
Ongar.. AS) — — 62-1 21-9 
Belfast* ..| Karlsborg 4-2 12-0 0-0 — = 
Karlsborg 279 10 0-0 aS 
Nauen 4-7 — 13-5 0-0 
Clifden 5:8 —- — 11:°5 0-0 
Birmingham Karlsborg 2:5 47-5 12-6 = Tite 
Moscow ah 4-8 7-3 0-5 — ae 
Konigswuster- on — 23-0 5:5 
hausen 
Ongar... 3°8 — — ph UNG 0-9 
Bristol ..| Karlsborg 2.5 41-0 7-1 ™ _— 
Moscow 4-8 20-0 0-9 — = 
Nauen 4-7 — — 67-2 6-2 
Ongar.. 29 — — 63-0 32-5 
Cambridge* ..| Karlsborg 2°5 59-0 13-3 — Dale 
Poldhu 2°8 27-0 9-0 sop 
Nauen 4-7 — 14-6 12-5 
Ongar.. 29 oo — 10-0 0-0 
Newcastle ..| Karlsborg 2-5 57-5 20-2 = Rar 
Sofia’ .. 3+2 48-0 3°7 — — 
Nauen 4-7 — ae 78-2 5:9 
Ongar.. 2-9 — 59-5 5:9 
Peterborough* | Karlsborg 2-5 61-0 20-1 — — 
Moscow 4-8 27°3 3°9 — — 
Leafield 8-6 — — 99-5 42-6 
Nauen 4-7 == — 50-0 15-1 
Teddington* ..| Karlsborg Ueda ote at 2 
Poldhu 2°8 19-5 1-5 — = 
Nauen a 4-7 — 89-0 7°4 
Konigswuster- 9:2 os 45-0 14-6 
hausen 


* Station not observing for whole year. 
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Furthermore the largest variations recorded are of the same 
order for the various wave-lengths included in Table 12. Finally, 
it is to be noted that the spark transmissions give rise to variations 
of a similar order to those observed on C.W. transmissions ; 
and particularly is the percentage of differences of more than 
10° from the mean of the same order for both types of trans- 
mission. Further discussion of these matters will be given later 
fecmis report, "(See p. 19).* 


(9) Relation of variations with the direction of transmission 


Figs. 17 and 18 in Part I of the report} appeared to indicate a 
definite relationship between the extent of the night variations and 
the direction of transmission. Of the further results now being dis- 
cussed it is probably significant that in Table 12 above, the stations 
giving rise to the largest variations mostly liein a north-easterly or 
easterly direction from the receiver, in agreement with previous 
conclusions. Referring more generally to this year’s readings, a 
graphical representation of the extreme amplitude of observed 
bearings plotted against the true bearing is given in Figs. 13 
(A and B). The first diagram is confined to those transmitting 
stations situated in the British Isles, while Fig. 13B refers only 
to stations outside the British Isles. To reduce as far as possible 
the introduction of spurious effects, the results are only plotted 
for the stations upon whose transmissions a representative number 
of observations (not less than 100) have been taken and with an 
adequate distribution over the year of working. 

The scattering of the points plotted in the two diagrams 
makes it practically impossible to draw any well-defined curve, 
and as it was thought that the extreme variation might in some 
cases be exaggerated by occasional freak conditions and would 
not be representative of the average behaviour, the results have 
been replotted in Figs. 14 (4 and B) in the form of the percentage 
of observations which differ from the mean by more than 5°. 
While again no definite curve can be drawn, there is a marked 
concentration of the largest variations to the E.W. direction of 
transmission with a corresponding minimum in the N.S. direction. 
In a separate series of experiments * carried out independently of | 
the present investigation it has been shown that the shape and 
dimensions of the transmitting aerial have no measurable effect 
upon the magnitude and frequency of the variations in observed 
bearings, so that these are not a characteristic of the transmitting 
station. There are, however, other factors such as geographical 
features, which might influence the results obtained upon different 
transmitting stations. 

In spite of the widely varying conditions prevailing in the 
different cases, there is a definite suggestion among the results 
obtained that when the direction of transmission is approximately 
on the North and South line, the variations in bearings observed, 


* This subject is further dealt with in Part III of this Report to be 


published shortly. 
t+ See Bibliography (p. 107)—ref. 2, p. 65. 
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although still very appreciable, are on the whole less serious 
than those observed on transmissions in the East and West direc- 
tion. The matter can probably only be settled definitely by an 
elaborate investigation employing a transmitting station situated 
in very uniform country and a number of similar direction-finding 
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Fic. 13B.—Showing Relation of Extent of Variations to True Bearing for 
Transmitting Stations outside the British Isles. 


stations located at equal distances on identical sites, taking 
simultaneous observations upon the transmissions from the centre 
station. 


(10) Dependence of variations upon wave-length 


As previously deduced, the collection of results now under 
discussion does not show any appreciable relation between wave- 
length and extent of variation over the range of wave-lengths 
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2,000 to 9,000 metres. Many examples may be noted in the 
preceding tables of excessive night variations in bearings on wave- 
lengths near the upper and lower limits of the range employed. 
This conclusion, applying to a number of observations taken over 
a period, is to be distinguished from the statement previously 
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Fic. 144.—Showing Percentage Variation against True Bearing for Trans- 
mitting Stations in the British Isles. 
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Fic. 148.—Showing Percentage Variation against True Bearing for Trans- 
-mitting Stations outside the British Isles. 


made as to the change in apparent bearing taking place when the 
wave-length of transmission is changed instantaneously. Excellent 
examples of this last occurrence have been obtained among the 
present results in the case of arc transmitting stations, and in 
particular Leafield is especially prominent. These stations usually 
employ a marking and spacing wave for signalling purposes, the 
difference in lengths of these waves being of the order of | per 
cent. of the wave-length. It was constantly noticed at all 
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recelving stations in the case of Leafield, that when the observed 
bearing on the marking wave was in error the bearing taken on 
the spacing wave immediately afterwards was also in error but 
generally by a different amount. Graphical illustrations of this 
effect have been given in an earlier report.” Over a period of 
half an hour’s observations, the bearings on the two waves would 
swing to and from each other, occasionally crossing, while at 
other times the two waves gave bearings on opposite sides of the 
true bearing. These differences, however, are only temporary, 
and the amplitudes of variation and the systematic error of a 
number of observations remain independent of the wave-length. 


(11) Weekly variation curves 


A representative selection of the graphs obtained by piotting 
the weekly extreme bearings for different transmitting and 
receiving stations is given in Figs. 15-20. To enable comparisons 
to be made, several of the transmitting stations selected are the 
same as those noted in Figs. 1-8. Fig. 15 illustrates the results 
obtained on the evening transmissions from the Paris “ spark ” 
station. Although it is noticeable that the variations are greater 
when the observations are taken after sunset, the extreme varia- 
tions obtained even at night are comparatively small—rarely 
more than 10°. This is in perfect agreement with the results 
obtained during the preceding year*, and remains at present 
without explanation. The small variation would not appear to 
be entirely due to the direction of transmission, for larger variations 
are obtained on the undamped wave transmissions from other 
stations in the neighbourhood of Paris (see Tables 1 and 10). In 
one case, Paris (UFP) observed at Teddington, the wave-length 
is very similar to that employed on the damped wave trans- 
missions from Paris (FL), so that it is not a question of change of 
wave-length. The other reasons formerly suspected were based 
on either the configuration of the transmitting aerial, or the change 
from damped to undamped waves. Experiments carried out with 
short waves (450 metres) and over distances of about 100 miles 
have shown that the night effects experienced on direction-finders 
are independent of the shape of the transmitting aerial. The 
question of the effect of wave-damping is discussed in a later 
section (see p. 79), from which it will be seen that the damping is 
unlikely to be the cause. 

Fig. 16 illustrates the increase in the variations of bearings 
observed on the Air Ministry station after sunset in a similar 
manner to those taken about sunrise and plotted in Fig. 5. The 
small variation experienced at Teddington is evidently due to 
the small range of transmission, 17 miles (see Table 17 and p. 78). 

The observations plotted in Figs. 17-20 represent the records 
taken on five different transmitting stations during the same 
periods of working, centred round 2000 G.M.T. Fig. 17 shows 


* See Bibliography (p. 107)—ref. 2, p. 72, Fig. 24. 
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the very large and erratic variations recorded on Leafield’s trans- 
missions at various observing stations. The extreme bearings 
for the marking and spacing waves have the same general charac- 
teristics, and it is interesting to note that as the distance of trans- 
mission is increased from 51 miles at Bristol to 60 miles at Tedding- 
ton and 77 miles at Peterborough, the extent of the variations 
increases considerably, but that for the greater distance to 144 
miles at Bangor the variations appear to have decreased a little. 

Similar remarks apply to the variations plotted for Ongar on 
Figs. 18 and 19. The variations encountered at Teddington and 
Peterborough at distances of 30 and 64 miles respectively are in 
general much less than at the other stations, each of which is more 
than 100 miles from Ongar. Having due regard to this distance 
relation, and excepting the abnormal effects experienced at 
Peterborough on Leafield, there is no obvious relation between 
the wave-length and the extent of variation observed in Figs. 17— 
19. Comparing these with the records plotted in Fig. 20 for 
Karlsborg, it appears that for much greater distances of trans- 
mission up to 800 miles the extent of the variations is compara- 
tively unaltered, thus confirming the deduction drawn in (8) 
above (see p. 49). 

A noticeable distinction between Figs. 17-19 and Fig. 20 is 
that whereas the night variations on Karlsborg do not appear 
to commence until after sunset at the receiver—7.e., until darkness 
prevails over the whole path of transmission—in the case of Leafield 
and Ongar the variations have commenced while the sunset 
boundary is passing over the path of transmission. 

Another point to be observed as common to all the cases is 
that when darkness has once set in there is afterwards no obvious 
alteration in the extent of the variations, these being quite violent 
in December to February in the cases illustrated, when sunset 
occurred three to four hours before the period of observation. 
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Fic. 16.—Graphs of Weekly Extreme Bearings of Air Ministry (Undamped 
Waves, A = 4:1 k.m.), at 1900 to 2030 Transmissions, 
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Fic. 174.—Graphs of Weekly Extreme Bearings of Leafield (Undamped 
Waves, A = 8-7 k.m.), at the 2000 Transmissions. 
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Fic. 178,—Graphs of Weekly Extreme Bearings of Leafield (Undamped 
Waves, A = 8:7 k.m.) at the 2000 Transmissions. 
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18.—Graphs of Weekly Extreme Bearings of Ongar (Undamped 
Waves, A = 2:9 k.m.), at 1800 to 2200 Transmissions. 
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Fic. 19.—Graphs of Weekly Extreme Bearings of Ongar (Undamped 
Waves, A = 4-4 k.m.) at 1800 to 2200 Transmissions. 
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Fic. 20a.—Graphs of Weekly Extreme Bearings of Karlsborg (Damped 
Waves, A = 2:5 k.m.), at the 2000 Transmissions. 
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(12) Percentage errors of bearings 


To assist in the analysis of the large numbers of results dealt 
with, the percentage of observed bearings which differ from the 
_annual mean by certain fixed amounts have been worked out for 
each receiving station, and these are given in Tables 13-16 for 
the four stations which were in continuous operation during the 
whole of the observation year 1922-23. 

These tables will be referred to in the succeeding sections, but 
one or two outstanding points in them may be mentioned here. 
During the day-time an appreciable number of the observed 
bearings differ from the mean by more than 2°, but a compara- 
tively small number are more than 5° in error. Even including 
the abnormal results discussed above in (4) and Table 11, there 
are few cases in which more than 10 per cent. of the day readings 
exceed the error limit of 5°. Of the night readings, however, this 
proportion may be anything up to 60 per cent., and quite an 
appreciable fraction of these are more than 10° in error. Con- 
sidering the large variations which have been referred to in Table 
12, it is interesting to note that these are of comparatively rare 
occurrence, since the percentage of bearings which differ from 
the mean by more than 20° is very small. As has been repeatedly 
observed in both this and Part I of the report, the proportion 
of serious errors is much greater at Bangor than elsewhere, evidently 
due to the mountainous district in which this station was situated. 
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(13) Extent of variations at short distances 


In discussing above the excessive night variations in observed 
bearings it was pointed out that for ranges of transmission of 
about 100 miles the variations appeared to be of the same order 
as those for ranges of 700 miles and upwards. As will be noticed 
on reference to the chart at the end of this report, the transmitting 
and observing stations were so situated that the path of trans- 
mission was entirely overland in all cases in which the range was 
less than 200 miles. Table 17 below shows that the variations are 
still serious when the range of transmission is as short as 30 miles 
for overland working. : 


TABLE 17.—Variations at Distances less than 100 mules 


(4) 


(1) (2) (3) 


Observing Transmitting Dees Extreme 
Station. Station. Variation. 
(miles) (deg.) 
Aberdeen .’. , ee DET CEM ane”. 4 4-6 PA, | 
Ss st ..| Stonehaven .. z8 16 4-7 
Bristol se ..| Horsea ae Ae 78 1379 
4 ape Leafield 0s a 51 15-8 
a Me ..| Northolt ie a 88 31-0 
Cambridge .. » | Ongar “ ie 34 10-0 
Peterborough ..| Air Ministry ae 79 14-2 
$5 ..| Leafield Ak m aT 99-5 
a ..| Ongar ; ye 64 24-7 
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pe} va Ongar att ar 30 16-0 
i ee VOVVi Cele jeee “a 10 4-6 


For distances up to 17 miles, however, the extreme variations 
at night are of the same order as in the day-time. For example, 
* Air Ministry at Teddington has given an extreme variation of the 
same order (5°-6°) for both day and evening periods. The 
records show that in this case the extreme difference from the 
mean of the several hundred bearings observed was only 4:5°, 
while nearly 99 per cent. of the readings were within 2°. In the 
case of Ongar at Teddington, however, 14 per cent. of the night 
bearings differed by more than 2°, as against 1-6 per cent. of the 
day bearings. | 

It is to be concluded from these results, therefore, that the 
variation in observed bearings associated with the term “ night 
effect ’’ on radio direction-finders commences to be serious when 
the transmission is entirely overland and for a distance exceeding 
30 miles, whereas at distances of 17 miles and less the variations 
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at night are similar to those experienced by day, both being of 
the order of 2°. While these deductions are made from observa- 
tions taken on wave-lengths in the range 2,000 to 9,000 metres, 
later results discussed in Part III of this report have confirmed 
them for shorter wave-lengths. This later part of the investiga- 
tion has also shown that the conclusions require to be modified 
when the path of transmission is entirely oversea. 


(14) Comparison of resulis on damped and undamped waves 


One of the objects of converting the direction-finders to 
continuous-wave reception was to enable a comparison to be 
made of the effects experienced on both damped and undamped 
wave transmissions. It has already been mentioned on p. 51 
and Table 12 that the maximum amplitudes and proportions of 
the variations experienced on damped-wave stations were of the 
Same order as those obtained on undamped waves. On a first 
inspection of the results it appears that the variations are much 
more serious on the undamped waves, but a closer inspection, 
having due regard to the greatly varying conditions, tends to 
lead to a reverse conclusion. In reviewing the results, it should 
be remembered that during the year under discussion about 80 per 
cent. of the observations were made on undamped waves, due to the 
simultaneous reduction of damped-wave transmitting stations and 
the increase in the number and power of the undamped-wave 
stations. For a true comparison of the effect of the wave damping, 
the two kinds of transmission should take place from the same 
station and preferably from the same aerial, on the same wave- 
length and at very similar periods. Among the observations 
being considered in this report, the only two transmitting stations 
which gave conditions approximating to the above were Clifden 
and Karlsborg, and in the following Table 18 is given a summary 
of the whole year’s observations obtained on these stations. 
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It is seen from this table that although in some cases both 
day and by night the extreme errors appear to be slightly greater 
on undamped waves, at night the proportion of the errors is less 
on undamped than on damped waves. The actual differences 
tabulated are probably not significant, and the deduction can 
therefore be made that, providing the necessary precautions are 
taken with the D.F. receiving apparatus as described elsewhere,” 
no difference in the ordinary night variations is experienced with 
the use of either damped or undamped waves. 


(15) Failure to obtain bearings 


It is not considered necessary to repeat here the analysis of 
the cases in which a bearing was unable to be taken, as was done 
in the previous report. It proved difficult to keep a systematic 
record of such items as interference and atmospherics without 
seriously hindering the main purpose of the investigation. Owing 
to the increased scope of the observing stations made possible by 
continuous wave working, and the considerable increase in the 
number of high-power stations available, little difficulty was 
experienced in the way of interference during this second year’s 
observations. 

Also, for the reasons given in the previous report, it was not 
feasible always to observe the sharpness of the signal minimum. 
The number of cases in which the minimum was so blunt that it 
was not possible to obtain a suitable observation was much more 
marked at Barfgor than elsewhere, the proportion of such 
instances amounting to 20 or 30 per cent. of the total observations 
on some transmitters. At all the other observing stations, how- 
ever, the number of cases in which no observation could be made 
from the above cause was always less than 9 per cent. and very 
frequently less than 1 per cent. Further discussion of this point 
will be given in connection with the work on shorter wave-lengths, 
which will follow in Part III of the report. 


SECTION IV.—OBSERVATIONS OVER 24-HOUR PERIODS 
(16) General 


With the extension of the investigation to undamped wave 
working, advantage was taken of the almost continuous trans- 
missions from some stations employing undamped waves to 
make observations of bearings at regular intervals for a period 
of 24 hours. Such a long period of observations could only 
be carried out where two observers were available at each 
station and the tests were ultimately confined to the stations 
at Birmingham, Bristol and Newcastle. The first of such 
tests was carried out on 26th to 27th January, 1923, and 
they were repeated at approximately fortnightly intervals, the 
observations concluding on 30th June, 1923, after a total of twelve 
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tests. The 24-hour period in every case commenced at midday, 
so that continuous observation was maintained during one night 
with the odd hours of daylight remaining at each end. Certain 
transmitting stations known to be working for long periods at a 
time were selected for these observations and a programme was 
drawn up to synchronise as far as possible the three observing 
stations. From four to six transmitting stations were used in 
each of those tests and a bearing observation was taken succes- 
sively on each, the whole cycle of observations being repeated 
regularly every six minutes (later, twelve minutes). By thus 
securing regular and simultaneous observations of each trans- 
mitter at the three receiving stations a much closer comparison 
of the records may be carried out. During these tests, 13,760 
observations were made and a complete summary of these is 
given in the following Tables 19-21. 

In these tables no distinction has been made between the day 
and night periods as previously defined, and thus it is natural to 
find the percentage variations slightly smaller than those given 
above (12), since the night readings have been somewhat diluted . 
by the much smaller day errors. These tables present the usual 
features which have already been discussed in detail, but attention 
may be drawn to two interesting points. First, the variations 
experienced at Newcastle on the transmissions from Nauen (viz., 
140-5°) are the largest that have been recorded in the whole two 
years of this investigation. The extreme readings correspond to 
an actual error in bearing of 105-2°, there being only one reading 
over 100°, and only three readings exceeding 90°; and as shown 
for this particular case in Table 21, only 2 per cent. of the total 
readings exceed 20° in error. When it is remembered that the 
number of results dealt with in both this and the previous report 
is nearly 164,000, the rarity of errors of bearing of the order of 
90° will be appreciated. The second point to be noticed is that, 
in the cases where the direction of transmission approximates 
to the N.S. line, the variations do appear to be of a smaller magni- 
tude than in the cases where the direction of transmission 1s more 
nearly E. and W. This result is particularly prominent in the 
case of the three Ongar transmitting stations, as observed at 
Newcastle and Bristol respectively. 
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(17) Graphs of indiwidual bearings 


From these records taken during the 24-hour periods a large 
number of graphs have been plotted which show each individual 
bearing observed. A selection of the graphs is given in Figs. 21 
to 30. 

Representative graphs for two of the Ongar transmitting 
stations are shown in Figs. 21-24, for tests made in January 
and June respectively. These may be taken as typical of the 
results obtained in the midwinter and midsummer conditions 
prevailing during the above months. They illustrate the decreased 
amplitude of the variations experienced at Newcastle as against 
that at Bristol as discussed above. Next there is seen to be no 
definite similarity in the manner of the variations experienced on 
the different wave-lengths of the two transmitters. 

Among the observations taken in January, and illustrated in 
Figs. 21 and 22, it is seen that quite appreciable variations are 
taking place in the daylight hours, and that these increase con- 
siderably within about an hour before sunset. The results obtained 
in June, as illustrated in Figs. 23 and 24, however, show that 
the daylight variations are not appreciable except in the immediate 
neighbourhood of sunrise and sunset. Unfortunately, owing to 
the discontinuities in the transmissions at about the time of 
sunrise, the actual variation in the observed bearings at this time 
is not well brought out, but it is indicated that the effects are 
similar to those experienced at sunset. 

In Figs. 25-27, results are illustrated for several transmitting 
stations as observed at Bristol in the months of February, April 
and May. These graphs confirm what has been stated above, 
viz., that in the summer months the variations are practically 
confined to the period included between the time of one hour 
before sunset until one hour after sunrise, but as winter con- 
ditions are approached the limits of this period increase con- 
siderably, until in midwinter the variations are taking place 
during the whole period of daylight, although they are then not 
so violent as during the hours of darkness. This confirms the 
excessive “ day’”’ variations which have been experienced in the 
general investigation during the winter months as discussed in 
Section II (4), p. 28. Reverting to Figs. 25-27, it will be seen 
that there is no marked difference between the results obtained 
on Ongar, a near-by transmitting station, and those obtained on 
the more distant stations of Nauen and Berne. Excepting the 
points noticed above there is no similarity between the variations 
observed at the same station on different transmissions from either 
the same or different stations. All the transmissions give rise 
to large and erratic variations during the whole of the night 
period and there is no time of maximum or minimum effect during 
this period. 

In much the same way, and with the same limitations as noted 
above, there is no similarity in the variations experienced on the 
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same transmissions at different observing stations. This point 
is illustrated by Figs. 28 and 29, which show the simultaneous 
observations made at Bristol and Newcastle in April, 1923. These 
and the previous curves given in Figs. 21-24 show that it is quite 
possible for one station to experience a large error in bearing which 
is.not observed at another station, and also that the direction of 
the error relative to the true bearing is not necessarily the same 
at all stations. 

Lastly, Fig. 30 shows the comparative constancy of the 
observed bearings which may obtain under certain very favour- 
able conditions. These results were taken in June, and the 
direction of transmission is about 40° and 20° W. of N. for the 
two transmitting stations, and these two factors evidently con- 
tribute to the good results. The extreme variations are seen to 
be about 2° except in the period from one hour after sunset to 
one hour before sunrise. 


SECTION V.—SPECIAL OBSERVATIONS MADE IN 
TNORTHERN UAT EPUDES 


(18) Extension of Investigation 


Following an agreement made between the representatives of 
Great Britain and Norway at the meeting at Brussels in 1922 of 
the Union Radiotélégraphique Scientifique Internationale, this 
investigation was extended to the taking of observations at a 


station situated at Lerwick, Shetland Islands, with the object . 


of comparing the effects experienced in Northern Latitudes with 
those in England. Arrangements were made for the stations, 
Bergen and Fauske in Norway, to give special transmissions, 
according to a regular programme when not engaged upon other 
work. It was thus possible to keep under observation not only 
waves from the southerly stations but also those whose path of 
propagation was entirely in high latitudes. 

These observations were not commenced until 30th July, 1923, 
by which date all the stations at the British Universities had been 
closed, but the analysis of the results obtained at Lerwick until 
the closing of the station on 19th April, 1924, is considered to be 
sufficient for the object in view. The observations were carried 
out during two daily periods of two hours each from Mondays to 
Fridays inclusive. In the early portion of the work these daily 
periods were separated by an interval of twelve hours, and each 
week the periods were moved forward by two hours, so as to 
cover the whole of the 24 hours. In the later part of the work 
the periods were fixed at 1100-1300 and 1900-2100 G.M.T. 


(19) Results obtained at Lerwick 


Table 22 is a summary of the 3,985 results obtained for all 
transmitting stations upon each of which more than thirty 
observations were made over the whole period. 


a et ee 
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_ Table 23 gives an additional summary of the results in the 
form of the proportions of the observed bearings which differ by 
specific amounts from the mean observed bearings over the 
whole period. Since the periods of observation were widely 
distributed over the 24 hours, and it is convenient to classify 
them as “ Day” and “ Night” periods, it was assumed, from 
previous experience in this work, that the night period extended 
from one hour before sunset at the eastern end of the path of 
transmission to one hour after sunrise at the western end. 
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(20) Permanent deviations 


_ From the day observations recorded in Table 22 it is seen that 
the mean observed bearings on the various transmitting stations 
differ from the true bearings by amounts of from 0-6° to 8-5°, 
and that where a station has transmitted on two or more wave- 
lengths this error of the mean varies with the wave-length. In 
many cases the total variation of the day bearings is of the same 
or a less order than the actual error of the mean, so that it is 
unlikely that this represents a systematic error of the day varia- 
tions. It was therefore suspected that the above “ permanent ” 
error of the observed bearings was due to some cause outside the 
immediate receiving apparatus. The site of the installation at 
Lerwick was by no means ideal from a direction-finding point of 
view, being on the top of a hill about 300 feet high. The 
surrounding land has a very broken coast-line and there are several 
hills of the order of 400 feet in height in the immediate vicinity. 
Under such geographical conditions, large errors of mean bearing, 
associated with abnormally large variations in bearing in the 
day-time, are to be expected. Compare, for example, the results 
obtained at Bangor and previously discussed in detail. The 
accuracy of the installation at Lerwick was checked by making 
simultaneous observations with a portable direction-finder, and 
it was found that a small change of one or two hundred yards 
in the position of the latter resulted in an alteration of several 
degrees of the bearings observed. This was considered to confirm 
the conclusion that the permanent errors were due to the local 
geographical features surrounding the direction-finder, | 


(21) Day variations 


The day observations show that the range of variation of the 
apparent bearings is in general less than 10°, which is of the order 
to be expected in a hilly district when the range of transmission 
is from 200 to nearly 1,200 miles. In the case of one of the 
wave-lengths used by Karlsborg the extreme variations exceed 
the above amount and range up to the excessive figure of 45-5°. 
The worst variations in this case were observed at from one to 
three hours after sunrise at Lerwick, which occurs at slightly over 
one hour after sunrise at Karlsborg. The corresponding figures 
in Table 23 show that in most cases the percentage of the observa- 
tions which are more than 5° different from the mean is very 
small, being highest in the case of Karlsborg mentioned above. 


(22) Night variations 


During the night periods the variations are seen to range up 
to the maximum value of 90°, the highest difference from the 
mean being 73°-0. It is to be noted that in spite of these large 
variations there is little difference between the errors of the day 
and night mean, showing that there is practically no systematic 
error which can be ascribed to the night bearings. A noticeable 
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point in the results given in Tables 22 and 23, also, is that the 
variations are worse on the transmitting stations which lie in an 
easterly direction from Lerwick than on those to the south. This 
supports the fact previously observed in this investigation and 
discussed in some detail, that the variable errors on direction- 
finders tend to a minimum when the direction of transmission is 
North or South. The analysis given in Table 23 shows that in 
spite of these large variations during the night periods, an error 
exceeding 20° is a comparatively rare occurrence. 


(23) Conclusions 


It is to be concluded from these experiments that the con- 
ditions for wireless direction-finding in Northern Latitudes are 
not materially different from those which prevail over the British 
Isles. This conclusion must, however, be qualified by the con- 
ditions which prevailed during the above observations. It is 
possible that if experiments could be carried out in which the whole 
path of transmission was in a sufficiently high latitude, somewhat 
different effects might be experienced. 


SECTION VI.—CONCLUSIONS 


(24) Concluding discussion on whole investigation 


Since this report completes the discussion of the results which 
have been obtained on the range of wave-lengths of from 2,000 
to 9,000 metres, it will be useful to review briefly the main con- 
clusions which have been drawn at various stages throughout 
both this and the previous Part of the report. 

The permanent errors in bearing which were experienced at 
some direction-finding stations were found to be due to causes 
local to the station, such as the presence of mountains, metalwork 
and trees; and by choosing a suitable site for the station the 
magnitude of such errors could be reduced to 1° or 2°. The vari- 
able errors of the apparent bearings observed at all stations were 
found to be very erratic and numerous. In general the results 
were more erratic at Bangor than elsewhere, an effect which is 
probably to be ascribed to the mountainous country around this 
station. The largest error recorded during the whole two years’ 
observations was over 105°, but errors of this magnitude were 
extremely rare, and out of the 164,000 observations tabulated only 
in three cases was an error exceeding 90° experienced. An arbi- 
trary division of the times of observation into day and night 
periods was adopted for convenience in tabulating and discussing 
the results, the border line between these periods being one hour 
after sunrise at the westerly end of the path of transmission of 
the wireless waves to one hour before sunset at the easterly end. 
With this mode of separation it was found that the extreme error 
experienced in the day periods was usually about 4°, but during 
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the winter months ot the year this limit was considerably exceeded, 
apparently because of an extension of the night conditions until 
three or four hours after sunrise in the worst cases. 

‘Even in the cases which fall within the above limit, the 
graphs illustrating the weekly and daily variation of the day 
readings show a small seasonal effect in the observations indi- 
cating greater variations in winter than in summer, but no 
similarity is displayed in the observed variations of either a 
given transmitter at several receiving stations or of several 
transmitters at a given receiving station. A characteristic of 
the day readings is that while, over a period of half an hour’s 
observation, a variation exceeding one degree is comparatively 
rare, a sudden change in apparent bearing of two degrees or 
more may often take place from one day to the next. This 
suggests a stable condition on any one day, although this con- 
dition may vary from day to day, by an amount which is greater 
in winter than in summer. This point is of great significance 
and is now the subject of further investigation. 

The mean apparent bearings observed during the night periods — 
show no signs of a definite systematic error, and so the variations 
are on the whole equally distributed about the mean daily value. 
The maximum. variation recorded at each observing station is of 
the order of 60°— 80°, a variation exceeding 90° being a rare 
occurrence. These values correspond to an extreme error in 
bearing of only about 45°, and, as mentioned above, an error of 
90° is so rare as almost to be regarded as an accidental occurrence. 
The minimum distance at which these night variations have been 
experienced is 30 miles for overland working, observations taken 
at closer ranges than this showing a maximum error of only 2° 
or 3°. When the distance of transmission well exceeds the above 
limiting value—for example, 70-100 miles overland—the night 
variations experienced are very large and are of the same order 
as those experienced at all greater distances up to 1,500 miles 
(of which a large proportion was usually overland), which is about 
the limiting range of working in this investigation. 

Within the limits employed in the observations, no behaviour 
of the apparent bearings has been attributable to either the 
wave-length or the use of damped or undamped waves ; it being 
understood that a possible source of instrumental error, when 
using undamped waves, had been eliminated before commencing 
observations on these waves. Although the evidence on the point 
is somewhat conflicting, there are many suggestions among the 
observed readings that the night variations, while still being 
appreciable, tend towards a minimum magnitude when the 
direction of transmission approximates to the North and South 
line. From the graphs illustrating the weekly extremes of 
observed bearings it was concluded in Part I of the report* that 
no serious night variations commence until the sun has set over 


* See Bibliography (p. 107)—ref. 2 pp. 68 and 78. 


CONCLUSIONS 105 


the whole path of transmission. In many cases when the obser- 
vations were taken on a distant transmitter situated east of the 
receiver, darkness prevailed at the transmitting station. for 
upwards of one or two hours before any variations were experienced 
at the receiving end. The same general conclusion is reached 
for the long ranges of transmission from the further graphs of 
weekly extreme bearings accompanying this second part of the 
report, but it is found that for the short ranges up to about 150 
miles the variations appear to have commenced prior to the 
passage of sunset over the path of transmission. In all cases 
however, it is found that after total darkness has prevailed over 
the whole range of transmission, the extent of the variations 
rapidly attains its night value and shows no signs of decrease 
until sunrise the following morning. 

A study of the graphs plotted from the results of the 24-hour 
tests enables this analysis to be carried much further with more 
definite results. As already mentioned in the discussion of these 
results, the distinction between the day and night conditions 
from the point of view of variations is less marked in the winter 
thaninthesummer. It appears quite definitely from these graphs 
that the arbitrary division of the day and night periods is not a 
hard-and-fast rule which can be adopted to distinguish the times 
when night errors may be expected. 

The chief effects to be observed appear now to be as follows. 
In the summer time in those latitudes in which the United Kingdom 
is situated, the variations experienced in daylight are very small, 
and these do not become serious until darkness has set over the 
whole path of transmission. Such variations then prevail through- 
out the night, but decrease to a negligible extent immediately at 
sunrise. As the seasonal conditions are changed gradually from 
summer to winter the variations in the daytime increase some- 
what ; the night conditions commence an appreciable time before 
sunset and continue until some time after sunrise. In the mid- 
winter conditions represented by January, the change from day 
to night effects is very much more gradual and the difference is 
only distinguishable by the difference in magnitudes of the varia- 
tions. At this time of the year it appears that the variations 
may have an amplitude of the order of 10° or more during all 
the daylight hours, and this increases rapidly at about one hour 
before sunset to the night value of 50° or 70°, and so continuing 
in the most erratic manner until one hour or so after sunrise. 

This aspect of the results would appear to indicate that the 
effects cannot be subjected to a definite division between daylight 
and darkness, but rather that the variations are dependent upon 
the altitude of the sun and the intensity of its radiation in the 
lower* parts of the earth’s atmosphere. For example, in Great 

Britain, the maximum altitude of the sun at 2lst March, and 
21st September is about 38°, increasing to 61° on 21st June 


* For definition of “ lower parts of the earth’s atmosphere ”’ see pen- 
ultimate paragraph of this section on p. 106. 
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and decreasing to 15° on 21st December. It appears likely that 
during the summer half-year between March and September, the 
intensity of the solar radiation is sufficient almost immediately 
after sunrise to produce the necessary effect, causing the cessation 
of the variations, whether this be ionisation of the lower atmosphere 
or not. As the season progresses, a longer time after sunrise 
must elapse before the radiation is sufficiently intense to stop 
the variations, until in the midwinter conditions, and due to the 
very low altitude of the sun, the radiation is not sufficiently 
intense at any time of the day to stop altogether the variations, 
but only to cause a decrease in their magnitude. This explana- 
tion would account for the comparatively large variations 
experienced even near midday in the winter months of November 
to February, and would also account for the very large day varia- 
tions obtained in some cases at Lerwick, where of course the 
sun’s altitude will be about 8° less than in England. 

The consistency of the effects 1s being borne out by some 
observations which are still in progress at Slough on the U.R.S.L., 
signals from Leafield and Nantes, which are used for signal intensity 
measurements. The daily observation of bearings of these stations 
which are taken at 1400 in the afternoon show that the usual 
“night ”’ effects began about the end of October and are still in 
progress. (February, 1925). 

It should be pointed out that the expression “‘ lower parts of 
the earth’s atmosphere,’ used above, does not imply that part 
near the surface of the earth. No effect of rain, cloud or fog 
has ever been noticed on apparent bearings, and it is concluded 
that it is not the intensity of the solar radiation at the earth’s 
surface which 1s important. This apparent connection between 
the altitude of the sun and variations in bearings suggests that 
the latter are due to the effect of the sun on the portion of the 
earth’s atmosphere which is above the cloud level and below the 
level of permanent ionisation. This is a point, however, which 
must remain for closer investigation in the future. 
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BNS 
BWW 
BYA 


BYB 
BYC 
BYD 
BYZ 
EAA 
EGC 
FF 
FL 
FUC 
FUE 
GBL 
GKU 
GLA 
GLB 
GLO 
GSW 
HB 


Abbreviation. 


Name. 
Bucharest 
Gibraltar 
Admiralty, 

Whitehall 
Cleethorpes 
Horsea 
Aberdeen 
Malta 
Aranjuez 
Madrid 
Sofia 
Paris 
Cherbourg 
Brest 
Leafield 
Devizes 
Ongar 
Ongar 
Ongar 
Stonehaven 
Budapest 


Name. 
Aberdeen 
Bangor 
Belfast 
Birmingham 
Cambridge 
Bristol 
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Call-sign. 
HFB 
ICD 
ICI 
1QZ 
LCH 
LP 


MFT 
MPD 
MSK 
MZX 
OSM 
OXE 
POZ 
PRG 
SAJ 
SEW 
UA’ 
WAR 
YG 
YN 


(ii) KEY TO OBSERVING STATIONS, 


Abbreviation. 
iF 
N 
OR 
PE 


Ss 
és 


N ame. 
Belgrade 
Rome 
Coltano 
Pola 
Christiania 
Konigswuster- 

hausen 
Clifden 
Poldhu 
Moscow 
Chelmsford 
Constantinople 
Lyngby 
Nauen 
Prague 
Karlsborg 
Nicolaieff 
Nantes 
Warsaw 
Tours 
Lyons 


Name, 


Leeds 
Newcastle 
Orford 
Peterborough 
Slough 
Teddington 
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